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Plea$e amend the pending claims as follows: 

1 . ( Currently amended') A method for detecting misalignment of two periodic 
structures placed next to each other so that they are periodic substantially along a first line, 
comprising: 

illuminating a portion of each of the two structures using radiation that is substantially 
coheren t so that the radiation propagates along paths towards the structures and zeroth-order 
diffraction of the radiation bv the structures retraces such paths after diffraction bv the 
structures, each of said portions having a dimension along the first line larger than the period 
of the corresponding structure; 

detecting diffracted radiation signals from the illuminated portions of the structures to 
provide at least one output signal; and 

determining from the at least one output signal a misalignment between the structures. 

2. The method of claim 1, further comprising dividing a substantially coherent 
beam of radiation into a first and a second beam that are substantially coherent, wherein said 
illuminating employs radiation from the first beam to illuminate one of the structures and 
radiation from the second beam to illuminate the other structure. 

3. The method of claim 2, wherein said dividing includes passing said 
substantially coherent beam of radiation to a birefringent or acoustooptic element 

4. The method of claim 3, further comprising modulating the first beam at a first 
frequency before radiation from the first beam is employed to iUuininate said one of the 
structures. 

5. The method of claim 2, further comprising modulating the second beam at a 
second frequency before radiation from the second beam is employed to illuminate said other 
one of the structures. 
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6. The method of claim 5, wherein said detecting detects at a frequency that is 
proportional to a difference between the first and second frequencies, or between multiples 
thereof. 

7. The method of claim 5, wherein said modulating includes splitting said 
coherent beam into a third and a fourth beam, modulating the third and fourth beams by 
different frequencies and combining the modulated third and fourth beam into a combined 

J beam. 

8. The method of claim 7, wherein said splitting into the third and fourth beams 
employs a polarizing beam splitter. 

9. The method of claim 7, wherein said combined beam is substantially coherent 
and is divided into said first and second beams by the dividing. 

10. The method of claim 1, wherein said illuminating uses radiation that contains a 
component at a second frequency, and said detecting detects at a frequency that is 
proportional to a difference between and/or sum of the first and second frequencies, or a 
difference between and/or sum of multiples thereof. 

1 1 . The method of claim 2, further comprising: 

combining the diffracted radiation signals from the iUuminated portions of the two 
structures; and 

supplying the combined diffracted radiation signals to one or more detectors. 

12. The method of claim 11, wherein said dividing or combining employs a 
birefringent or acoustooptic element. 

13- (Currently amended") The method of claim 12, further comprising causing 
relative motion between the element and the structure s when the diffracted radiation signals 
from the ninmma ted portions of the structures are detected, and wherein said determining 
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includes calculating a phase difference between the difiraction radiation signals that are 
detected from the two structures when said relative motion is caused. 

14. f Currently amended) T he method of claim 11, wherein said combining 
combines a first order diffraction signals from e ach of the two structures. 

15. The method of claim 14, wherein said combining combines a positive first 
order diffraction signal from one of the two structures with a positive first order diffraction 

I signal from the other of the structure and combines a negative first order diffraction signal 
from one of the two structures with a negative first order diffraction signal from the other of 
the structure. 

16. The method of claim 1, further comprising causing a change in the relative 
J phase between radiation illuminating one of the two structures and radiation illuminating the 

other of the two structures, or between the diffracted radiation signals from one of the two 
structures and the diffracted radiation signals from the other of the two structures. 

17 The method of claim 1, wherein said illuminating employs a single beam to 
illuminate the two portions of the two structures, with a part of the beam iUuininating the 
portion of one structure, and another part of the beam illuminating the portion of the other 
structure. 

18. The method of claim 1, wherein said two periodic structures are also periodic 
substantially along a second line transverse to the first line, and wherein said determining 
determines misalignments between the structures along the first and second lines. 

19. (Currently amended) A apparatus for detecting misalignment of two periodic 
structures placed next to each other so that they are periodic substantially along a first line, 
comprising: 

a source providing a radiation beam that is substantially coherent to illuminate a 
portion of each of the two structure s so that the radiation propagates along oaths towards the 
structures and zeroth-order diffraction of the radiation bv the structures retraces such paths 
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after diffraction bv the structures, each, of said portions having a dimension along the first line 
larger than the period of the corresponding structure; 

two or more detectors, each detector detecting a diffracted radiation signal from the 
illuminated portion of each structure to provide an output signal; and 

a processor determining from said output signals any misalignment between the 
structures. 

20. The apparatus of claim 19, further comprising a first device dividing a 
substantially coherent beam of radiation into a first and a second beam that are substantially 
coherent, wherein radiation from said first beam illuminates one of the structures and 
radiation from the second beam illuminates the other of the structures. 

21. The apparatus of claim 20 wherein said first device is a birefiingent or 
acoustooptic element. 

22. The apparatus of claim 21, further comprising an instrument that 

causes the first device to move along a second direction substantially normal to the first line 
when said at least one detector detects the diffracted signals, and wherein said processor 
calculates a phase difference between the output signals provided by the two or more 
detectors when said relative motion is caused. 

23. (Currently amended) T he apparatus of claim 20, wherein said first device 
comprises a Wollaston -prism that has an optical axis at an angle of about 45 ° to one side of 
the prism. 

24. The apparatus of claim 20, further comprising a second device combining the 
diffracted radiation signals from the illuminated portions of the two structures and supplying 
the combined diffracted radiation signals to the detectors. 

25- The apparatus of claim 24, wherein said first or second device includes a 
common birefiingent or acoustooptic element. 
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j 26. ( Currently amended) The apparatus of claim 25, further comprising an 

instrument causing relative motion between the element and the structure s when the diffracted 
radiation signals from the illuminated portions of the structures are detected., and wherein said 
process or includes calculating a phase difference between the output signals when said 
relative motion is caused, 

27. (Currently amended) The apparatus of claim 24, wherein said second device 
combines a^fibrst order diffraction signals from each of the two structures. 

28. The apparatus of claim 27, wherein said second device combines a positive 
first order diffraction signal from one of the two structures with a positive first order 
diffraction signal from the other of the structure and combines a negative first order 
diffraction signal from one of the two structures with a negative first order diffraction signal 
from the other of the structure. 

29. The apparatus of claim 19, further comprising an instrument that 
causes a change in the relative phase between radiation illuminating one of the two structures 
and radiation illuminating the other of the two structures, or between the diffracted radiation 
signals from one of the two structures and the diffracted radiation signals from the other of the 
two structures. 

30. (Currently amended^ The apparatus of claim 4920, further comprising a first 
modulator modulating the first beam at a first frequency before radiation from the first beam 
is employed to illuminate said one of the structures. 

3L The apparatus of claim 30, further comprising a second modulator modulating 
the second beam at a second frequency before radiation from the second beam is employed to 
illuminate said other one of the structures. 

32 The apparatus of claim 31, further comprising a phase detector detecting the 
outputs at a frequency that is proportional to a difference between the first and second 
frequencies, or between multiples thereof. 
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33. The apparatus of claim 30, further comprising a second device that splits said 
coherent beam into the first and second beams, and combines the modulated first and second 
beams into a combined beam. 

34. The apparatus of claim 33, wherein said second device includes a polarizing 
beam splitter. 

35. The apparatus of claim 33, wherein said combined beam is substantially 
coherent and is divided into said first and second beams by the first device. 

36. The apparatus of claim 19, wherein said radiation beam contains a component 
at a second frequency, and said detectors detect a frequency that is proportional to a 
difference between and/or sum of the first and second frequencies, or a difference between 
and/or sum of multiples thereof. 

37 The apparatus of claim 19, wherein said source provides a single beam to 
illuminate the two portions of the two structures, with a part of the beam iUuminating the 
portion of one structure, and another part of the beam iUurrxinating the portion of the other 
structure. 

38. The apparatus of claim 19, wherein said two periodic structures are also 
periodic substantially along a second line transverse to the first line, and wherein said 
processor determines misalignments between the structures along the first and second lines. 

39. (Currently amended) A method for controlling lithographical processing of 
substrates by detection of misalignment of two periodic structures placed next to each other so 
that they are periodic substantially along a first line, comprising: 

iUuminating a portion of each of the two structures using radiation that is substantially 
coheren t so that the radiation propagates along paths towards the structures and zeroth-order 
diffracti on of the radiation bv the structures retraces such paths after diff raction bv the 
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structures, each of said portions having a dimension along the first line larger than the period 
of the corresponding structure; 

detecting diffracted radiation signals from the illuminated portions of the structures to 
provide at least one output signal; 

determining from the at least one output signal a misalignment between the structures; 

and 

adjusting a lithographical instrument in response to the misalignment. 

140- Hie method of claim 39, wherein said adjusting adjusts a lithographical 
stepper. 

41. (Currently amended) A apparatus for controlling lithographical processing of 
substrates by detection of misalignment of two periodic structures placed next to each other so 
that they are periodic substantially along a first line, comprising: 

a source providing a radiation beam that is substantially coherent to illuminate a 
portion of each of the two structure s _so that the radiation propagates along paths towards the 
structures and zeroth-order diffraction of the radiation by the structures retraces such p aths 
after diffraction by the structures, each of said portions having a dimension along the first line 
larger than the period of the corresponding structure; 

two or more detectors, each detector detecting a diffracted radiation signal from the 
illuminated portion of each structure to provide an output signal; and 

a lithographical instrument; 

a processor determining from said output signals any misalignment between the 
structures and providing information concerning the misalignment to the lithographical 
instrument. 

42. (Currently amended) A method for providing yield information by detection 
of misalignment of two periodic structures placed next to each other so that they are periodic 
substantially along a first line 7 comprising: 

illuminating a portion of each of the two structures using radiation that is substantially 
coherent so that the radiation propagates along paths towards the structures and zeroth-order 
diffraction of the radiation by the structures retraces such oaths after diffraction by the 
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structures, each of said portions having a dimension along the first line larger than the period 
of the corresponding structure; 

detecting diffracted radiation signals from the illuminated portions of the structures to 
provide at least one output signal; 

determining from the at least one output signal a misalignment between the structures; 

and 

providing yield related information in response to the misalignment 



43. (Cun-ently amended) A apparatus for providing yield related information by 
detection of misalignment of two periodic structures placed next to each other so that they are 
periodic substantially along a first line, comprising: 

a source providing a radiation beam that is substantially coherent to illuminate a 
portion of each of the two structure s so that the radiation propagates along paths towards the 
structures and zeroth-order diffraction of the radiation by the structures retraces such paths 
after diffraction bv the structures, e ach of said portions having a dimension along the first line 
larger than the period of the corresponding structure; 

two or more detectors, each detector detecting a diffracted radiation signal from the 
illuminated portion of each structure to provide an output signal; and 

one or more processors determining from said output signals any misalignment 
between the structures and providing yield related information. 

44. fNew^ The method of cla im 2 1 wherein the illurmnatinff ilhimfnat es less than 
each of the structures, so that the two illuminated portions arc separated from each other and 
do not overlap. 

45. (New) The apparatus of claim 20, wherein the radiation from the first beam 
illuminates less than one of the structures, and the radiation from the second beam j lhimiTiarfw: 
less than the other of the structures, and so that the two illuminated portions are separated 
from each other and do not overlap. 
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| 46. (New) The apparatus of claim 41. wherein the radiation beam illuminates less 

than each of the structures, and so that the two illuminated portions are separated from each 
other and do not overlap. 

47. (New) The apparatus of claim 43. wherein the radiation beam illuminates less 
than each of the structures, and so that the two illuminated portions are separated from each 
other and do not overlap, 

48. (New) The method of claim 42, wherein the illuminating illuminates less than 
each of the structures, so that the two illuminated po rtions are separated from each other and 
do not overlap. 

49- (New) A method for detecting misalignment of two periodic structures on a 
sample surface and placed next to each other so that thev are periodic substantially along a 
first line, comprising: 

illuminatmp ; a portion of each of the two structures using radiation that is substantially 
coherent so that the radiation propagates towards the structures along paths substantially 
normal to the surface, each of said portions having a dimension along the first line larger than 
the period of the corresponding structure: 

detecting diffracted radiation signals from fee illuminated portions of the structures to 
provide at least one output signal: and 

dete rrnitiitip; from the at least one output signal a misalignment between the structures. 

50. (New) The method of rlafm 4Q , wherein the illumi nating illu minate l ess than 
each of the structures, so that the two iUurninated portions are separated from each other and 
do not overlap. 

51. (New) A apparatus for detecting misalignm ent of t wo periodic structures on a 
sample surface and placed next to each other so that thev are periodic substantially along a 
first line, comprising: 

a srmrrp pmviHinp; a ra diation beam that is substantially coherent to illuminate a 
•portion of each of the two structures so that the radiation propagates towards the structures 
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along paths substantially normal to the surface, each of said portions having a dimension 
along the first line larger than the period of the corresponding structure: 

two or more detectors, each detector detecting a diffract ed radiation signal from the 
iUuminated portion of each structure to provide an output signal: and 

.a processor determ ining fr om said output signals any misalipri Tnent between the 
structures. 

52. (New) The apparatus of rial™ ^1 . wherein the radiation beam illu minates Ires 
than each of the structures, and so that the two iUuminated portions are separated from each 
other and do not overlap. 
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